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ixt nt revisions utilize the essence of the present invention, 
would naturally fall within the breath or protection 
ssed by this path. This is particularly true for the 
t invention since its basic concepts and understandings are 
ental in nature and can be broadly applied. It is also 
icular Ty true~sxn"ce the -present invention .involves a number of 
tiaily independent features which may be combined in 
istic ways for particular applications. 



[fciaim: 

A method of creating a droplet from a jet of a flow cytometer 
comprising the s^eps of: 



a. 

b. 



d. 
e. 

f . 



v a nozzle volume; 

flow of sheath fluid into said nozzle 



establishing 
introducing 
volume; 

introducing a fUow of a substance within said sheath 
fluid in said nozzle volume; 

establishing an oscillator coupled to said nozzle volume; 
applying an alternating voltage with an amplitude of less 



than one hundred mi 
allowing said sheat 
volume; and 
forming at least on 
allowing said sheath 
volume. 



Lts to said oscillator; 
fluid to exit from said nozzle 

>let from said sheath fluid after 
Luid to exit from said nozzle 



> - & 



A method of creating a droplet fcrom a jet of a flow cytometer 
as described in claim 1 wherein the amplitude of said 
alternating voltage is about ten Wllivolts. 

A method of creating a droplet froA a jet of a flow cytometer 
as described in claim 1 wherein said\oscillator is established 
w ithin said nozzle volume. 
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od of creating a droplet from a jet of a flow cytometer 
described in claim 3 wherein said nozzle volume has a 
roendi^ular cross sectional area and wherein said oscillator 
is established substantially throughout said perpendicular 
cross sectional area. 



A aethod of cheating a droplet from a jet of a flo^cySometear 
; as described \ in claim 3 wherein said oscillator is 
- ; unidirectional^ coupled to said sheath fluid. 

A method of creating a droplet from a jet of a flow cytometer 
ivas described in claim 1, 4, or 5 and further comprising the 
J. step of continuous ly\converging said sheath fluid within said 

nozzle volume. 

A system for creating a)^rcjplet from a jet of a flow cytometer 
^comprising: 

establishing a nozzle volume and 



-la. 

:.St 

%. 

* c. 



a nozzle conta 
having a nozzle £xitf 
a sheath fluid 'port 



located within said nozzle volume 
wherein said sheath f luifl port introduces a sheath fluid; 
a substance introduction port located within said nozzle 
volume; 

an oscillator to which saiil sheath fluid is responsive; 
an alternating voltage soiree having an alternating 
voltage amplitude of less tlian one hundred millivolts 
connected to said oscillator ;\ and 

a free fall area below said nozzle exit and within which 
said droplet forms. 

■A system for creating a droplet from a\iet of a flow cytometer 
}*s described in claim 7 wherein said, alternating voltage 
/amplitude is about ten millivolts. 



f. 




• 



* gy^ten for creating a droplet from a jet of a flow cytoxneter 
d Vp r ^ beci ^ n cla ^ m 7 herein said oscillator is within said 
poszl Container . 

A sys tem V or creat ^ n< ? a droplet from a jet of a flow cytometer 
'^ w ~ 9 wherein said nozzle container has a 
£gp section and wherein said oscillator "comprises a~ 
piezoelectric crystal contained within said sheath fluid and 
attached to said cap section. 



A system for creating a droplet from a jet of a flow cytometer 
18 described in claim 10 wherein said sheath fluid port 
introduces a sheath fluid, wherein said oscillator has an 
Oscillator surface which faces said sheath fluid, and further 
-Comprising an interface material between said oscillator 
Surface and said sheath fluid which consists essentially of a 
|ijrotective coating. 



n£/^ dboplet from a jet of a flow cytometer 
Lm 9 wherein said nozzle container has a 
oss sectional area and wherein said 
Seated at said largest perpendicular cross 
•actional area and is substantially as large as said largest 
^rpendicular cross sectional area. 



^system for creati 
; as described in 
Ingest perpendi 
oscillator is 



f^gl? "J^ystem for creating a droplet from a jet of a flow cytometer 
£s described in claim 10 wherein said oscillator has an 
9*cillator side and further comprising a spacer which 
maintains said oscillator siae detached from said nozzle 
Container. 

A^system for creating a droplet f Aom a jet of a flow cytometer 
Ascribed in claim 7 or 12 whdrein said nozzle container 
.^ffttinuously converges. 
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_.'V gteB1 for creating a droplet from a jet of a flow cytometer 
* ^^cribed in claim 14 wherein said converging nozzle 
•container continuously converges from said sheath fluid port 
to sai\ nozzle exit. 

• ' ^ A% -system- -tor_.cr.eati.ng A droplet Jfrom a jet of a flow cytometer 
described in claim 14 wherein said - cbnVergihg"hozzle- 

eontainer c\ 

a nozzl\ body having an inner surface; 
a nozzleVip having an inner surface; and 
a seal lodated off of said inner surface of said nozzle 
tip and to Which both said nozzle body and said nozzle 
tip are responsive. 



:b. 
c. 



A-aethod of creating a droplet from a jet of a flow cytometer 
COoprising the steps\of : 

establishing a nozzle volume; 

introducing a f iW ,af sheath fluid into said nozzle 
volume; 

introducing a flo\Ao.: a substance within said sheath 
fluid in said nezxlA Volume ; 

initiating an oscillation within said nozzle volume; 
allowing said sneatlliK fluid to exit from said nozzle 
volume; and 

forming at least one droplet from said sheath fluid after 
allowing said sheath fluid to exit from said nozzle 
volume. 



■it; 



ifoethod of creating a droplet fVom a jet of a flow cytometer 
^•"described in claim 17 wherein said step of initiating an 
•filiation within said nozzle vblume comprises the step of 
J&?'H^ ablishin 9 an oscillator within\said sheath fluid. 



;$^*ethod of creating a droplet from\a jet of a flow cytometer 
described in claim 17 wherein \said oscillation passes 
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ugh a material interface and further comprising the step 
imizing the number of material interfaces which said 
tion must pass through. 



^thodVof creating a droplet from a jet of a flow cytometer 
^ descriked in claim 19 wherein said oscillation is created 
an oscn\xator and wherein said oscTIIatibn" passes "through 
a protective coating on said oscillator before imparting 
aaid sheatk fluid. 



only 



Method of creating a droplet from a jet of a flow cytometer 
described in c\aim 19 wherein the flow of said sheath fluid 
a primary flew direction and wherein said step of 
dzing the number of material interfaces which said 
-illation must pas^ through comprises the step of coupling 
d oscillation in Substantially only said primary flow 
ection. 



/ 



Method of creating a dr\ 
described in olaim 17/ fcn 
Tectly transf erring^&id 1 



It from a jet of a flow cytometer 
further comprising the step of 
>scillation to said sheath fluid. 



cla 




Method of creatine 
described in 
p of 

*th fluid. 



droi 



17. 



unidirectionally 



from a jet of a flow cytometer 
ir 22 and further comprising the 
applying an oscillation to said 



gethod of creating a droplet frk a jet of a flow cytometer 
described in claim 23 and further comprising the step of 
nationally isolating said oscillation. 

S»thod of creating a droplet from a jet of a flow cytometer 
described in claim 17 and further\ comprising the step of 
ectionally isolating said oscillation. 



-«Vhod of creating a droplet from a jet of a flow cytometer 

£ lev 1 

a s described in claim 24 wherein said step of isolating said 
scill«^ on comprises the step of coupling said oscillation to 
• -aid sheath fluid along only one plane. 

^-A-system.f or creating a droplet from a jet of a flow cytometer 
comprising: \ 

a . a nozzle, container establishing a nozzle volume and 
having a nozzle exit; 

b. a sheath fluid port located within said nozzle volume 
wherein said\sheath fluid port introduces a sheath fluid; 
a substance introduction port located within said nozzle 
volume; 

,d. an oscillator w\thiiv-fiaid nozzle container; and 

a free fall area\b^lo*| said nozzle exit and within which 
said droplet fo] 



system for creatin^Sr-dAoplet from a jet of a flow cytometer 
described in >claim /2A wherein said sheath fluid port 
Introduces a sheath fluid and wherein said oscillator 
comprises a piezoelectric crystal contained within said sheath 
fluid. 



'.system for creating a droplet\from a jet of a flow cytometer 
described in claim 27 wherein said sheath fluid port 
troduces a sheath fluid, wheAein said oscillator has an 
cillator surface which faces said sheath fluid, and further 
uprising an interface material between said oscillator 
"face and said sheath fluid which\consists essentially of a 

»tective coating. 

► . . 

*ystem for creating a droplet from a\jet of a flow cytometer 
described in claim 27 wherein said nozzle container 
SSPprises: 

. * cap section; 




nozzle body sealed to said cap section; and 
a\ nozzle tip having said nozzle exit situated thereon, 
wherein said nozzle tip is sealed to said nozzle body, 
and y n erein said sheath fluid flows through said nozzle 

tip. 



system foAcreating a droVle^frolTa~jet :of-af low cytometer- 
, describedXin claim 27 wherein said oscillator has an 
Oscillator surface which faces said sheath fluid and wherein 
■aid oscillator\surface is planar. 

system for creating a droplet from a jet of a flow cytometer 
described in claim 27 or 28 wherein said sheath fluid port 
troduces a sheath\fluid and further comprising a coupling 
Lch is only planar \nd which couples said oscillator to said 
eath fluid. 



system for creating 
described in claim 
olator between sai 



ropjlet from a jet of a flow cytometer 
inc. further comprising a directional 
llator and said nozzle container. 



•system for creating a drofciet from a jet of a flow cytometer 
■^described in claim 33 wherein said oscillator emits a 
wominant frequency and wherein said directional isolator is 
fective at said predominant ^frequency . 

system for creating a droplet from a jet of a flow cytometer 
described in claim 33 wherein said oscillator has an 
illator side and wherein said directional isolator 
jggsprises a spacer which maintains said oscillator side 
iched from said nozzle containe: 



^thod of creating a droplet from 
..rising the steps of: 
^• establishing a nozzle volume; 



jet of a flow cytometer 



# 



d. 



introducing a flow of sheath fluid into said nozzle 
>lume ; 

introducing a flow of a substance within said sheath 
fluid in said nozzle volume; 

unidxrectionally applying an oscillation to said sheath 
fluid^ 

allowing said sheath f luid" to" exir ^from "said- nozzle 
volume; and 

forming atVeast one droplet from said sheath fluid after 
allowing sa\d sheath fluid to exit from said nozzle 
volume . 



K method of creating\a droplet from a jet of a flow cytometer 
as described in claim^S wherein said step of unidirectionally 
{applying an oscillation /to said sheath fluid comprises the 
?«tep of directionaliy 9A o] l atin 9 said oscillation. 



method of creating a drdfblet from a jet of a flow cytometer 
as described in cl&im 37 LlJerein said step of isolating said 
foscillation comprises thefstep of coupling said oscillation to 
•aid sheath f luid/along only\one plane. 

A system for creating a droplet\from a jet of a flow cytometer 
comprising: 

a nozzle container establ\shing a nozzle volume and 
having a nozzle exit; 

a sheath fluid port located \ within said nozzle volume 
wherein said sheath fluid portVLntroduces a sheath fluid; 
a substance introduction port located within said nozzle 
volume ; 

a free fall area below said nozz\e exit and within which 
said droplet forms; 

an oscillator to which said sheat^ fluid is responsive; 
and 



• 



a unidirectional coupling which couples said oscillator 
said sheath fluid. 

^ s ystem\for creating a droplet from a jet of a flow cytometer 
M described in claim 39 wherein said unidirectional coupling 
uprises \ surface which is only planar. 

* system for (creating a droplet from a jet of a flow cytometer 
M described ifc claim 39 and further comprising a directional 
isolator between said oscillator and said nozzle container. 



(system for creal 
described__in_ 
-edominant f requ« 
'fective at saic 



pri 



droplet from a jet of a flow cytometer 
41 wherein said oscillator emits a 
Ivand wherein said directional isolator is 
bminant frequency. 



Jeystem for creating a\droplet from a jet of a flow cytometer 
described in claim \41 wherein said oscillator has an 
Lllator side and wlierein said directional isolator 
prises a spacer which\ maintains said oscillator side 
&ched from said nozzle container. 

■ethod of creating a droplet from a jet of a flow cytometer 
.rising the steps /of: 
establishing a mozzle volume; 

introducing a /flow of sheath fluid into said nozzle 
*u volume; 



:onverging said sheath fluid; 
flow of a substance within said sheath 

:zle volume; 
Sheath fluid to exit from said nozzle 



continuous 
introc 
flui 
fallowing 
« volume; and 

; <a f orming--a1yleast one droplet from said sheath fluid after 
.allowing /said sheath fluid to exit from said nozzle 
U volume. 



A method of creating a droplet from a jet of /a flow cytometer 
a s described in claim 44 wherein said flow cytometer has a 
nozzle body and nozzle tip and wherein said step of 
c ntinuously converging said sheath fluid/ comprises the step 
of establishing a smooth transition from/ said nozzle body to 
said nozzle tip. 
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47. 



A method of creating a droplet from a/jet of a flow cytometer 
as described in claim 44 wherein ^aid nozzle volume has a 
largest perpendicular cross sectional area and further 
comprising the step of applying arr oscillation to said sheath 
fluid at said largest perpendicular cross sectional area. 

A method of creating a droplet/ from a jet of a flow cytometer 
as described in claim 46 whcerein said step of applying an 
oscillation to said sheath fluid is accomplished substantially 
throughout said largest perpendicular cross sectional area. 



48. 

..' 

49. 



A method of creating a (droplet from a jet of a flow cytometer 
as described in claim/44 and further comprising the step of 
establishing an osci/lator within said sheath fluid. 

A method of creating a droplet from a jet of a flow cytometer 
as described in claim 48 wherein said oscillator establishes 
an oscil^trtofa and wherein said oscillation passes through a 
material int febrace and further comprising the step of 
minimizing flkk rh^mber of material interfaces which said 
oscillation ^ust^ass through. 



A method s el5 r creating a droplet from a jet of a flow cytometer 
as described in claim 49 wherein said oscillation passes 
through only a protective coating on said oscillator before 
imparting on said sheath fluid. 
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ne thod of creating a droplet from a jet of a flow cytometer 
as described in claim 49 wherein the flow oT said sheath fluid 
has a primary flow direction and whefrein said step of 
minimizing the number of material interfaces which said 
oscillation must pass through comprises the step of coupling 
said oscillation in substantially Only said primary flow 
direction. 

A method of creating a droplet from a jet of a flow cytometer 
as described in claim 48 and fu/ther comprising the step of 
directly coupling said oscillator to said sheath fluid. 

A method of creating a droplet from a jet of a flow cytometer 
as described in claim 44, 4Sf, 49 or 51 and further comprising 
the step of unidirectiona/ly applying an oscillation to said 
sheath fluid. 

A method of creating a/droplet from a jet of a flow cytometer 
as described in claim 53 and further comprising the step of 
directionally isolating said oscillation. 

A method of creat/ng a droplet from a jet of a flow cytometer 
as described in >claim 54 wherein said step of isolating said 
oscillation comprises the step of coupling said oscillation to 
said sheath fluid along only one plane. 



A s 

CO 

a. 
b. 
c. 



item f\>i/ creating a droplet from a jet of a flow cytometer 
iprisinc 

a continuously converging nozzle container establishing 
a n£>z'z>e volume and having a nozzle exit; 
a &neath fluid port located within said nozzle volume 
wherein said sheath fluid port introduces a sheath fluid; 

substance introduction port located within said nozzle 
volume; and 
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a free fall area below said nozzle ^xit and within which 
said droplet forms. 



57« 



b. 



A sys tem for creating a droplet from J jet of a flow cytometer 
as described in claim 56 wherein said continuously converging 
nozzle container comprises: 

a T^onlTinuoiisly^ "body~h"aving~ an" ~inner- 

surface; 

a continuously converging nozzle tip having said nozzle 
exit situated thereon, /wherein said continuously 
converging nozzle tip has An inner surface and is sealed 
to said nozzle body, and wherein said sheath fluid flows 
through said nozzle tip ,7 and 

a tip joint wherein said tip joint smoothly transitions 
the inner surface of/ said nozzle body to the inner 
surface of said nozz]£ tip. 



A system for creating a d&roplet from a jet of a flow cytometer 
as described in claim/ 56 wherein said converging nozzle 
container continuously/ converges from said sheath fluid port 
to said nozzle exit. 



«0. 



A system for creatii/g a droplet from a jet of a flow cytometer 
as described in claim 56 wherein said nozzle container has a 



largest perpenUi 
comprising 

responsive anc 

\ 



£ular cross sectional area and further 
icillator to which said sheath fluid is 
)h is located at said largest perpendicular 



cross sectjLonal^area. 

A system for creating a droplet from a jet of a flow cytometer 
as described in claim 59 wherein said oscillator has an 
oscillator surface area and wherein said oscillator surface 
*rea is substantially as large as said largest perpendicular 
cross sectional area. 
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system for creating a droplet from a jet of a/ flow cytometer 
a s described in claim 56 and further comprising an oscillator 
within said converging nozzle container. 

A system for creating a droplet from a jet Li a flow cytometer 
as described in claim 61 wherein said oscillator comprises a 
^i^zoelectrTc "crystal ~con"tai"nie"d" f luid. 

A system for creating a droplet from a/jet of a flow cytometer 
as described in claim 62 wherein ysaid oscillator has an 
oscillator surface which faces said/sheath fluid, and further 
comprising an interface material/ between said oscillator 
surface and said sheath fluid whiph consists essentially of a 
protective coating. 

A system for creating a droplet from a jet of a flow cytometer 
as described in claim 56 and/further comprising: 
a. an oscillator to which/said sheath fluid is responsive; 
and 

b* a coupling which is ybnly planar and which couples said 
oscillator to said iheath fluid. 

A system for creating a/ droplet from a jet of a flow cytometer 
as described in cla4aa 61 or 63 and further comprising a 



coupling whic 
oscillator 



said 



'only planar and which couples said 
Iheath fluid. 



A system f creating 
as described in ci 
isolator between/ said 



droplet from a jet of a flow cytometer 
64 and further comprising a directional 
oscillator and said nozzle container. 



A system for coating a droplet from a jet of a flow cytometer 
*s described /in claim 66 wherein said oscillator emits a 
. Predominant frequency and wherein said directional isolator is 
effective at/said predominant frequency. 



A system for creating a droplet from a jet of a flow cytometer 
as described in claim 66 whefrein said oscillator has an 
oscillator side and wh€ 
comprises a spacer which 
detached from said nozzle/conXainer. 



said directional isolator 
tains said oscillator side 



A mettod~oY~ creating a "drop! 
comprising the steps of: 

a. establishing a nozzle \ 

b. introducing a flow of 
volume; 

converging said sheath 



c. 
d. 



et from a jet of a" flow cytometer^ 
olume; 

sheath fluid into said nozzle 



f . 



fluid in a convergence zone; 
introducing a flow of a substance at a location within 
said sheath fluid in sakd convergence zone; 
adjusting the location at which said substance is 
introduced within said convergence zone; 
allowing said sheath fjLuid to exit from said nozzle 
volume; and , 

forming at least one droplet from said sheath fluid after 
allowing said sheathj^id^ to exit from said nozzle 
volume . 



A method of creating a droplet tfrom a jet of a flow cytometer 
as described in claim 69 wherein said step of adjusting the 
location at which said substance is introduced within said 
convergence zone comprises thk step of establishing the 
desired concentration of said (substance relative to said 
sheath fluid. 



A method of creating a droplet frbm a jet of a flow cytometer 
as described in claim 69 or 70 wherein said step of adjusting 
**** location at which said substanie is introduced within said 
convergence zone comprises the stfep of establishing laminar 
f low of said substance within said^sheath fluid. 
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nethod of creating a droplet from a jet of a flow cytometer 
des cribed in claim 69 and further comprising the step of 
conducting an analysis of said droplet and wherein said step 
of adjusting the location at which said substance is 
introduced within said convergence zone comprises the step of 
optimizing the results of (said analysis. 

\ method of creating a drdplet from a jet of a flow cytometer 
as described in claim 69 wherein said step of adjusting the 
location at which said substance is introduced within said 
convergence zone is automatic. 



■** — 

as described in claim "j\2 
location at which said 



A method of creating a droplet from a jet of a flow cytometer 

wherein said step of adjusting the 
LsuTTstance is introduced within said 
convergence zone comprise s\the steps of: 

a. sensing values representative of conditions within said 

flow cytometer; and 
*b. automatically moving 
values . 



said location based upon said sensed 



A method of creating a drsplet from a jet of a flow cytometer 
as described in claim 74 yherein said conditions are at least 
v one of the following: 
a. the pressure of said 



b. 
c. 
d. 

e. 



sheath fluid; 
the pressure of said 1 substance; 
the location at which said droplet is formed; 
the rate at which drob let is_ determined to contain some 
of said substance; or 
a property of said substance. 



A method of creating a droplet from a jet of a flow cytometer 
*s described in claim 69 wherein said substance is introduced 
through a substance tube and wherein said step of adjusting 
C^he location at which said substance is introduced within said 



• 



convergence zone comprises | the step of replacing said 
Substance tube. / 

I system for creating a droplet from a jet of a flow cytometer 
comprising: 

■• a nozzle container establishing a nozzle volume and 
having a nozzle exit; 

a sheath fluid port located within said nozzle volume 
wherein said sheath fli.id port introduces a sheath fluid; 
a flow convergence zore within said nozzle volume; 
a substance introduction port located within said flow 



b. 



c. 
d. 



f. 



convergence zone; 
a location adjuster to 
port is responsive; 
a free fall area below 
said droplet forms. 



which said substance introduction 
said nozzle exit and within which 




Ik system for creating a dj/orilet from a jet of a flow cytometer 
as described in claim 77 whkrein said substance introduction 
^port comprises a substance \ tube having a fixed length and 
wherein said location adjuster comprises a replacement 
I substance tube . 

A system for creating a dropl4t from a jet of a flow cytometer 
as described in claim 77 wheriein said convergence zone has a 
primary flow direction and therein said location adjuster 
comprises a screw means Iwhich moves said substance 
introduction port along said primary flow direction. 

A system for creating a droplet\from a jet of a flow cytometer 
as described in claim 79 wharein said location adjuster 
comprises a telescoping substknce tube which moves said 
substance introduction port alonW said primary flow direction. 



* 



A system for creating a droplet /from a jet of a flow cytometer 
as described in claim 77 and wherein said location adjuster 
comprises: * 
a# a sensor; 

a controller responsive tjo said sensor; and 
a movement mechanism resplonsive to said controller 



and wherein said substance introduction — port — -ir- 
responsive to said movem< 



nt mechanism. 



A system for creating a drorit&'froia a jet of a flow cytometer 
as described in claim 81 wife±e\p said substance introduction 
port introduces a substancd and wherein said sensor senses at 
least one of the following: 

a. the pressure of said sheath fluid; 

b. the pressure of a substance introduced at a location 
within said sheath fluid in said convergence zone; 
the location at which $aid droplet is formed; 

et is determined to contain some 



c. 
d. 

e. 



the rate at which drop 
of said substance; or 
a property of said substance. 

system for creating a droplet from a jet of a flow cytometer 
prising: / 

a nozzle body/having an inner surface; 
a nozzle tip/having an inner surface; 

a seal located off of said inner surface of said nozzle 
tip and ta which both said nozzle body and said nozzle 
tip are Responsive; 

a sheatll fluid port located within said nozzle volume 
wherei/said sheath fluid port introduces a sheath fluid; 
a sub/tance introduction port located within said nozzle 
volume; and 

f • a fitee fall area below said nozzle exit and within which 
safid droplet forms. 



a. 

b. 
c. 



e. 




X system for creating a droplet from a jet of a flow cytometer 
3 described in claim 83 wherein said nozzle tip has an outer 



surface and wherein 
said nozzle tip. 



clanm 



45. A system for creatirg 

; a s described in 
^l;.,'-" inner surface and 
inner surface of 



said 




said seal contacts said outer surface of 



a droplet from a jet of a flow cytometer 
~83 - or 8 4^her~ein~said~ nozzle body -has- an 
further comprising an edge insert on said 
nozzle body. 
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